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Introduction

Combined heat and power (CHP) is 
a system of commercially available 
technologies that decrease total fuel 
consumption and related greenhouse 
gas emissions by producing both 
electricity and useful thermal energy 
from a single energy source. Typical CHP 
systems have efficiencies up to 75% 
whereas conventional energy supply 
systems (separate generation of heat 
and power) are around 30-40% efficient. 
Although the use of renewable energy 
sources such as solar, wind, and biomass 
is expected to continue to grow, the 
vast majority of existing and planned 
CHP installations use natural gas as 
the primary fuel. In the industrial and 
commercial sectors, a typical CHP site 
relies upon the electricity distribution 
network for significant periods (e.g., for 
purchasing power from the grid during 
periods of high demand or when off-
peak electricity tariffs are available).1  In 
some cases, a CHP plant is allowed to sell 
surplus power to the grid during on-peak 
hours when electricity prices are highest. 

Applying the CHP rationale to the 
domestic sector is attractive as power 
and heat demands in domestic buildings 
fluctuate considerably with time of day/
year. The University of Texas at Austin (UT 
Austin) operates a CHP plant but does 
not rely on the external grid. The plant 
supports 100% of the campus’ electrical, 
heating, and cooling loads, and is thus 
an independent micro-grid.2  With a 
possible opportunity of interconnection 
of the plant to the external grid, the 
question arises whether to self-generate 
or buy power from the grid depending 
on market conditions. 

Overview of the CHP plant at UT Austin

The Hal C. Weaver power plant complex 
at the University of Texas at Austin 
campus meets the university’s utility 
needs (power, heat, and cooling 
demands) throughout a year, serving 
more than 160 buildings and about 
17,000,000 ft2 of space via underground 
tunnels and electrical duct banks. 
The simplified diagram of the plant is 
presented in Figure 1.
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The plant mainly consists of a heavy-
duty gas turbine (HDGT), a heat recovery 
steam generator (HRSG), an auxiliary 
boiler, and a steam turbine. A natural 
gas-fired gas turbine generates electrical 
power for distribution throughout the 
campus. The turbine inlet air cooling 
(TIAC) is used to increase the density of 
the combustion air by cooling the gas 
turbine air intake, thereby increasing 
power output of the gas turbine.3 

The waste heat from the gas turbine 
is recovered by a HRSG and produces 
high-pressure steam (HPS) at 425 psi 
and 750 oF for use in campus. The HRSG 
is a natural-circulation boiler with 
supplementary firing. Supplementary 
firing is carried out using an in-duct 
burner to raise the exhaust gas 
temperature, resulting in an increase in 
steam flow. There is an auxiliary boiler 
that generates HPS. An extraction steam 
turbine is fed partially by the auxiliary 
boiler and partially by the HRSG. This 
combined steam flow drives the steam 
turbine to generate additional electricity. 

A portion of a medium-pressure steam 
at 160 psi is extracted from the steam 
turbine for distribution throughout 
the campus to meet the heating 
loads. About 70% of the electricity 
produced from gas and steam turbines 
is consumed by the campus while the 
other 30% is used to make chilled water 
for air conditioning on campus. The plant 
also provides the campus compressed 
air and demineralized water for buildings 
and laboratory use.

In this work, the units to be optimized 
include only the TIAC, HDGT as the prime 
mover, and HRSG. There are two gas 
turbines (GT8 and GT10), each of which 
is equipped with the TIAC system, and 
two HRSGs (HRSG8 and HRSG 10) in the 
plant, but only one unit operates at a 
time. For example, GT8 and HRSG8 are 
operated from May to October, whereas 
GT10 and HRSG10 are used during the 
rest of the year.

Case Studies

The objective of this work is to develop 
an optimal operating strategy for the 
combined heat and power plant in the 
competitive Texas electricity market. The 
mathematical models of major pieces 
of equipment present in the plant were 
developed and validated. These models 
were applied to the day-ahead energy 
marker of the Electric Reliability Council 
of Texas (ERCOT) to minimize operating 
costs over a one year period using 
hourly measured data. The constrained 
nonlinear optimization problem was 
solved by the sequential quadratic 
programming solver.

The optimal operating strategy obtained 
by solving the optimization problem 
was compared with historical operating 
schedule, which is also referred as a base 
case, for three simulated time periods: 

a.     Case I - Time period of 7 days in 
September 2011 

b.     Case II - Time period of 7 days in 
August 2011

c.     Case III - Time period of 365 days in 
2011

In Case III, two month time periods 
(January and December) were excluded 
in the analysis due to bad quality of 
data. When estimating the savings 
in operating costs and fuel costs, the 
electrical and heating loads in January 
and December were assumed to be the 
same as those in November.

Case I and Case II

Figure 2 compares the optimized 
operating schedules with historical 
operating schedules for Case I and Case 
II. 

During the time period in Case I, 
electricity prices ranging from $0.015/

Figure 1.  Schematic of Hal C. Weaver Power Complex at UT Austin
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prices allowed achieving better 
economic results, i.e., 25% reduction in 
operating costs. As in Case I, the majority 
of savings achieved by selling surplus 
power to the grid rather than buying it 
from the grid.

Case III 

The analysis was extended to consider 
the time period of an entire year of 2011. 
Figure 3 shows the monthly savings in 
operating costs presented in histograms. 
According to 2011 historical data, the 
highest monthly operating costs were 
observed in August ($1.4 million). 
Nonetheless, the plant could achieve 
the highest economic savings ($0.35 

kWh to $0.075/kWh were observed (see 
Figure 2(c)). The results suggest that the 
plant could reduce operating costs by 
6% and fuel consumption by 13% based 
on the optimal strategy. The optimal 
electricity production curve (Figure 2(a)) 
shows that it would have been more 
economical to sell extra power to the 
grid when the electricity prices were 
above about $0.02/kWh, otherwise one 
should buy the deficit power from the 
grid. During on-peak hours, excess steam 
produced from the HRSG (see Figure 
2(b)) could bring additional savings in 
the overall fuel costs by reducing steam 
production from auxiliary boilers. Note 
that the most of the savings came from 
selling the power to the grid during on-

Figure 2: Comparison between optimized operating schedules (red solid line) and historical 
operating schedules (black dashed line): (a) Power output in Case I, (b) Steam production 
in Case I, (c) Day-ahead electricity prices in Case I, (d) Power output in Case II , (e) Steam 
production in Case II, (f ) Day-ahead electricity prices in Case II

peak hours when electricity prices were 
high rather than buying it from the grid 
during off-peak hours.

In Case II, the electricity prices were 
extremely high as shown in Figure 2(f ). 
Due to very expensive electricity spot 
prices observed throughout the whole 
time period, the plant could maximize 
its revenue by selling the extra power to 
the grid as much as possible as long as 
it was capable of producing it without 
violating the constraints. The optimized 
power production (Figure 2(d)) and 
the corresponding steam production 
(Figure 2(e)) are always greater than the 
historical productions. In comparison 
to Case I, higher variations in electricity 
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million) in August by selling the extra 
power at expensive prices (average price 
of $0.15/kWh) to the grid during on-peak 
hours. However, an electricity price is not 
always a dominant factor that drives the 
economics of the power plant, especially 
when the electricity prices are low. For 
example, the average electricity price 
in April was greater than that in March, 
but the opposite happened in terms of 
cost savings. This means that the system 
is more sensitive to fuel prices when 
electricity prices are low.

In Case III, the simulated results show 
that the plant can reduce annual 
operating costs by 9.8 % (or $1.3 million 
per year), of which 7.2 % is achieved by 
selling extra power to the grid during the 
on-peak hours when electricity prices are 
highest, and the remainder comes from 
the buying cheap power from the grid 
during the off-peak hours. The optimal 
strategy results in a net reduction in the 
annual fuel consumption by 11.8 % (or 
239 MMSCF of natural gas per year). 
Conclusion

This work has introduced the 
constrained nonlinear optimization 
approach to develop an optimal 
operating strategy for the CHP system 
in the competitive Texas electricity 
market. The accuracy of the developed 
models of the CHP system at UT Austin 
is acceptable and facilitates the solution 
of the optimization formulation. These 
models were applied to the day-ahead 
energy market of ERCOT to minimize 
operating costs over a one year period. 
The results indicate that the plant could 
achieve substantial economic and 
energy savings by participating in the 
wholesale electricity market. The case 
studies illustrated in this work are based 
on deterministic cases.

Figure 3.  Monthly savings in operating costs in Case III
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